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57 ABSTRACT 
Genomic and cDNA sequences coding for a protein 
having substantially the same biological activity as 
human protein C and recombinant transfer vectors 
comprising these sequences are disclosed. 
Methods are disclosed for producing a protein which 
has substantially, the sane biological activity as human 
protein C. The protein, which may be in the form of 
activated protein C, is produced by mammalian host 
cells transfected with a plasmid capable of integration in 
mammalian host cell DNA. The plasmid includes a 
promoter followed downstream by a nucleotide se 
quence which encodes a protein having substantially 

I the same structure and/or activity as human protein C, 
the nucleotide sequence being followed downstream by 
a polyadenylation signal. 
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EXPRESSION OF PROTEN C 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of U.S. ap 
plication Ser. No. 749,600, filed June 27, 1985, which 
application is pending. 

TECHNICAL FIELD 

The present invention relates generally to plasma 
proteins and DNA sequences encoding them, and more 
specifically, to the expression of proteins having sub 
stantially the same structure and/or activity as human 
protein C, or human activated protein C. 

BACKGROUND ART 

Protein C is a zymogen, or precursor, of a serine 
protease which plays an important role in the regulation 
of blood coagulation and generation of fibrinolytic ac 
tivity in vivo. It is synthesized in the liver as a single 
chain polypeptide which undergoes considerable pro 
cessing to give rise to a two-chain molecule comprising 
heavy (Mr-40,000) and light (Mrs=21,000) chains held 
together by a disulfide bond. The circulating two-chain 
intermediate is converted to the biologically active 
form of the molecule, known as "activated protein C" 
(APC), by the thrombinmediated cleavage of a 12-resi 
due peptide from the aminoterminus of the heavy chain. 
The cleavage reaction is augmented in vivo by throm 
bomodulin, an endothelial cell cofactor (Esmon and 
Owen, Proc. Natl. Acad. Sci. USA 78: 2249-2252, 1981). 

Protein C is a vitamin K-dependent glycoprotein 
which contains approximately nine residues of gam 
macarboxyglutamic acid (Gla) and one equivalent of 
betahydroxyaspartic acid which are formed by post 
translational modifications of glutamic acid and aspartic 
acid residues, respectively. The post-translational for 
mation of specific gamma-carboxyglutanic acid resi 
dues in protein C requires vitamin K. These unusual 
anino acid residues bind to calcium ions and are be 
lieved to be responsible for the interaction of the protein 
with phospholipid, which is required for the biological 
activity of protein C. 

In contrast to the coagulation-promoting action of 
other vitamin K-dependent plasma proteins, such as 
factor VII, factor IX, and factor X, activated protein C 
acts as a regulator of the coagulation process through 
the inactivation of factor Va and factor VIIIa by limited 
proteolysis. The inactivation of factors Wa and VIIIa by 
protein C is dependent upon the presence of acidic 
phospholipids and calcium ions. Protein S has been 
reported to regulate this activity by accelerating the 
APC-catalyzed proteolysis of factor Va (Walker, J. 
Biol. Chem. 255:5521-5524, 1980). 

Protein C has also been implicated in the action of 
tissue-type plasminogen activator (Kisiel and Fujikawa, 
Behring Inst, Mitt 73:29-42, 1983). Infusion of bovine 
APC into dogs results in increased plasminogen activa 
tor activity (Comp and Esmon, J. Clin. Invest 68: 
1221-1228, 1981). Recent studies (Sakata et al., Proc. 
Natl. Acad. Sci. USA 82: 1121-1125, 1985) have shown 
that addition of APC to cultured endothelial cells leads 
to a rapid, dosedependent increase in fibrinolytic activ 
ity in the conditioned media, reflecting increases in the 
activity of both urokinase-related and tissue-type plas 
minogen activators by the cells. APC treatment also 
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results in a dose-dependent decrease in antiactivator 
activity. 

Protein C deficiency is associated with recurrent 
thrombotic disease (Broekmans et al., New Eng. J. Med. 
309; 340-344, 1983; and Seligsohn et al., New Eng. J. 
Med. 310: 559-562, 1984) and may result from genetic 
disorder or from trauma, such as liver disease or sur 
gery. This condition is generally treated with oral anti 
coagulants. Beneficial effects have also been obtained 
through the infusion of protein C-containing normal 
plasma (see Gardiner and Griffin in Prog. in Henatology, 
ed. Brown, Grune & Stratton, N.Y., 13: 265-278). In 
addition, some investigators have discovered that the 
anti-coagulant activity of protein C is useful in treating 
thrombotic disorders, such as venous thrombosis (Smith 
et al., PCT Publication No. WO 85/00521). In some 
parts of the world, it is estimated that approximately 1 
in 16,000 individuals exhibit protein C deficiency. Fur 
ther, a total deficiency in protein C is fatal in newborns. 
While natural protein C may be purified from clotting 

factor concentrates (Marlar et al., Blood 59: 1067-1072) 
or from plasma (Kisiel, ibid), it is a complex and expen 
sive process, in part due to the limited availability of the 
starting material and the low concentration of protein C 
in plasma. Furthermore, the therapeutic use of products 
derived from human blood carries the risk of disease 
transmission by, for example, hepatitis virus, cytomega 
lovirus, or the causative agent of acquired immune defi 
ciency syndrome (AIDS). In view of protein C's clini 
cal applicability in the treatment of thrombotic disor 
ders, the production of useful quantities of protein C 
and activated protein C is clearly invaluable. 

DISCLOSURE OF THE INVENTION 

Briefly stated, the present invention discloses a DNA 
sequence which, within a continuous open reading 
frame, codes for a protein having substantially the same 
structure and/or biological activity as human protein C 
or human activated protein C. A related aspect of the 
present invention is directed toward a DNA sequence 
which codes for a protein having subtantially the same 
biological activity as human protein C or human acti 
vated protein C, the sequence further encoding the 
pre-pro peptide of Factor VII. Yet another DNA se 
quence which codes for a protein having subtantially 
the same biological activity as human protein C or 
human activated protein C is disclosed, the sequence 
further encoding the amino acid sequence Arg-Arg 
Lys-Arg at the cleavage site between the light and 
heavy chains. 

In addition, the present invention discloses an expres 
sion vector capable of integration in mammalian host 
cell DNA, including a promoter followed downstream 
by a nucleotide sequence which encodes a protein hav 
ing substantially the same structure and/or activity as 
human protein C or human activated protein C, tran 
scription of the nucleotide sequence being directed by 
the promoter. The nucleotide sequence is followed 
downstream by a polyadenylation signal. In one em 
bodiment, the expression vector includes a selectable 
marker located between the nucleotide sequence and 
the polyadenylation signal, transcription of the select 
able marker being directed by the promoter. The ex 
pression vector may also include a set of RNA splice 
sites. 
A related aspect of the present invention discloses 

mammalian cells transfected to express a protein which, 
upon activation, has substantially the same biological 
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activity as human activated protein C. The mammalian 
cells are transfected with an expression vector capable 
of integration in mammalian host cell DNA, the expres 
sion vector including a promoter followed downstream 
by a nucleotide sequence which encodes a protein hav 
ing substantially the same structure and/or activity as 
human protein C. Within one embodiment, a selectable 
marker is also introduced into the cells and stably trans 
fected cells are selected. Mammalian cells transfected to 
express a protein which has substantially the same bio 
logical activity as human activated protein C are also 
disclosed. 
A further aspect of the invention discloses a method 

for producing a protein which, upon activation, has 
substantially the same biological activity as human acti 
wated protein C. The method comprises (a) introducing 
into a mammalian host cell an expression unit compris 
ing a sequence which encodes a protein having substan 
tially the same structure and/or activity as human pro 
tein C; (b) growing said mammalian host cell in an ap 
propriate medium; and (c) isolating the protein product 
encoded by said expression unit and produced by said 
mammalian host cell. The protein product produced 
according to this method is also disclosed. A method for 
producing a protein which has substantially the same 
structure and/or biological activity as human activated 
protein C is also disclosed. 
The proteins described within the present invention 

may be used as active therapeutic substances, including 
use in the regulation of blood coagulation. Further, 
these proteins may be combined with a physiologically 
acceptable carrier and/or diluent to provide suitable 
pharmaceutical compositions. 
Other aspects of the invention will become evident 

upon reference to the detailed description and attached 
drawings. 
BRIEF DESCRIPTION OF THE ORAWINGS 

FIG. 1 is partial restriction map of the protein C 
cDNA in pHCA6L. The coding region is indicated by 
an open box. 
FIG. 2 illustrates the nucleotide sequence of the com 

plete protein C cDNA and the deduced amino acid 
sequence of protein C. Arrows indicate cleavage sites 
for removal of the connecting dipeptide and activation 
peptide. 
FIG. 3 illustrates a restriction enzyme map of the 

genomic DNA coding for human protein C. Numbers 
below the line indicate length in kilobases (kb). 
FIG. 4 illustrates the complete genomic sequence, 

including exons and introns of the human protein C 
gene. Arrowheads indicate intron-exon splice junctions. 
The polyadenylation or processing sequences of A-T-T- 
A-A-A and A-A-T-A-A-A at the 3' end are boxed. god, 
potential carbohydrate attachment sites; (f, apparent 
cleavage sites for processing of the connecting dipep 
tide; , site of cleavage in the heavy chain when pro 
tein C is converted to activated protein C; o, sites of 
polyadenylation. 

F.G. 5 illustrates a schematic two-dimensional model 
for the structure of human protein C. 
FIG. 6 illustrates the subcloning of the 5' and 3' por 

tions of a protein C partial cDNA clone. 
FIG. 7 illustrates the removal of intron. A from the 

genomic clone, resulting in the fusion of exons I and II. 
FIG. 8 illustrates the fusion of exons I and II to the 

5'-most portion of the cDNA insert of FIG. 1. 
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4. 
FIG. 9 illustrates the construction of a plasmid com 

prising the complete coding sequence for protein C. 
FIG. 10 illustrates the expression vector polic. Sym 

bols used are ori, the adenovirus 5 0-1 map unit se 
quence; E, the SV40 enhancer; Ad2MLP, the adenovi 
rus 2 major late promoter; L 1-3, the adenovirus 2 tri 
partite leader; 5'ss, 5' splice site; 3'ss, 3' splice site; pa, 
the SV40 early polyadenylation signal; and A, the de 
leted region of the pbR322 "poison" sequences. 
FIG. 11 illustrates the expression vector pos(PC 

DHFR). DHFR denotes the methotrexate resistant 
mutant dihydrofolate reductase gene sequence; pa de 
notes the SV40 late polyadenylation signal. Other sym 
bols used are as described for F.G. 10. 

FIG. 12 illustrates the expression vector pdX/PC. 
Symbols used are as described for F.G. 11. 

FIG. 13 illustrates the results of an assay for activated 
protein C on media samples from transfected 293 cells. 

BEST MODE FOR CARRYING OUT THE 
NVENTION 

Prior to setting forth the invention, it may be helpful 
to an understanding thereof to set forth definitions of 
certain terms to be used hereinafter. 

Biological Activity: A function or set of functions 
performed by a molecule in a biological context (i.e., in 
an organism or an in vitro facsimile). Biological activi 
ties of proteins may be divided into catalytic and effec 
tor activities. Catalytic activities of the vitamin K 
dependent plasma proteins generally involve the spe 
cific proteolytic cleavage of other plasma proteins, 
resulting in activation or deactivation of the substrate. 
Effector activities include specific binding of the bio 
logically active molecule to calcium or other small 
molecules, to macromolecules, such as proteins, or to 
cells. Effector activity frequently augments, or is essen 
tial to, catalytic activity under physiological conditions. 

For protein C, biological activity is characterized by 
its anticoagulant and fibrinolytic properties. Protein C, 
when activated, inactivates factor Va and factor VIIIa 
in the presence of phospholipid and calcium. Protein S 
appears to be involved in the regulation of this function 
(Walker, ibid). Activated protein C also enhances fibri 
molysis, an effect believed to be mediated by the lower 
ing of levels of plasminogen activator inhibitors (van 
Hinsbergh et al., Blood 63: 444-451, 1985). As more 
fully described below, that portion of protein C en 
coded by exons VII and VIII of the protein C gene is 
primarily responsible for its catalytic activities. 

Pre-pro peptide: An amino acid sequence which oc 
curs at the amino terminus of some proteins and is gen 
erally cleaved from the protein during translocation. 
Pre-pro peptides comprise sequences directing the pro 
tein into the secretion pathway of the cell (signal se 
quences) and are characterized by the presence of a 
core of hydrophobic amino acids. They may also con 
prise processing signals. As used herein, the term "pre 
pro peptide' may also mean a portion of the naturally 
occuring pre-pro peptide. 

Expression Unit: A DNA construct comprising a 
primary nucleotide sequence encoding a protein of in 
terest, together with other nucleotide sequences which 
direct and control the transcription of the primary nu 
cleotide sequence. An expression unit consists of at least 
the primary nucleotide sequence and a promoter se 
quence located upstream from and operably linked to 
the primary nucleotide sequence and a polyadenylation 
signal located downstream. Additional genetic elements 
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may also be included to enhance efficiency of expres 
sion. These elements include enhancer sequences, lead 
ers, and mRNA splice sites. 

Expression Vector: A DNA molecule which con 
tains, inter alia, a DNA sequence encoding a protein of 
interest together with a promoter and other sequences 
which facilitate expression of the protein. Expression 
vectors further contain genetic information which pro 
vides for their replication in a host cell. Examples of 
expression vectors commonly used for recombinant 
DNA are plasmids and certain viruses, although they 
may contain elements of both. They also may include a 
selectable marker. 
As noted above, protein C is produced in the liver 

and requires vitamin K for its biosynthesis. Vitamin Kis 
necessary for the formation of specific gamma-carboxy 
glutamic acid residues in the amino-terminal region of 
the light chain. These amino acid residues are formed 
by a post-translational modification, and are required 
for calcium-mediated binding to phospholipid. In addi 
tion, protein C contains one beta-hydroxyaspartic acid 
residue which is also formed in a post-translational 
modification. However, the role of this amino acid resi 
due is not known. 
Given the fact that the activity of protein C is depen 

dent upon post-translational modifications involving the 
gamma carboxylation of specific glutanic acid residues 
and cleavage to the two-chain form, and may also be 
dependent upon the hydroxylation of a specific aspartic 
acid residue, it is unlikely that an active product could 
be produced through the cloning and expression of 
protein C in a microorganism. 

Accordingly, the present invention provides a 
method of producing a protein which is gamma-carbox 
ylated and, upon activation, has the biological activity 
of human activated protein C through the use of mam 
malian cells transfected to permanently express the 
protein. 
The present invention further provides a method for 

producing a protein which is gamma-carboxylated and 
has the biological activity of human activated protein C 
without the necessity for activation. 
The light and heavy chains of bovine protein Chave 

been sequenced (Fernlund and Stenflo, J. Biol. Chen. 
257: 12170-12179, 1982; and Stenflo and Fernlund, J. 
Biol. Chem. 257: 12180-12190, 1982). Isolation and char 
acterization of human protein Chave been described by 
Kisiel, J. Clin. Invest. 64: 761-769, 1979. The anticoagul 
lant activities of both the human and bovine enzymes 
were found to be highly species specific. Species speci 
ficity is believed to be mediated by protein S (Walker, 
Thromb. Res. 22:321-327, 1981). However, the human 
and bovine proteins show considerable overall struc 
tural homology to each other and to other vitamin K 
dependent plasma proteins, including prothrombin, 
factor VII, factor IX, and factor X. Similarities include 
the presence of the Gla residues in the light chain and 
the active site serine in the heavy chain, as well as other 
amino acid sequence homology in the aminoterminal 
region of the light chain. 
Within the present invention, a Agtll cDNA library 

was prepared from human liver mRNA. This library 
was then screened with 125 labeled antibody to human 
protein C. Antibody-reactive clones were further ana 
lyzed for the synthesis of a fusion protein of 3-galactosi 
dase and protein C in the Agtill vector. 
One of the clones gave a strong signal with the anti 

body probe and was found to contain an insert of ap 
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6 
proximately 1400 bp. DNA sequence analysis of the 
DNA insert revealed a predicted amino acid sequence 
which shows a high degree of homology to major por 
tions of the bovine protein C, as determined by Fern 
lund and Stenflo (J. Biol. Chem. 257: 12170-12179; J. 
Biol. Chem. 257: 12180-12190). 
The DNA insert contained the majority of the coding 

region for protein C beginning with amino acid 64 of 
the light chain, including the entire heavy chain coding 
region, and proceeding to the termination codon. Fur 
ther, following the stop codon of the heavy chain, there 
were 294 base pairs of 3' noncoding sequence and a poly 
(A) tail of 9 base pairs, The processing or polyadenyla 
tion signal A-A-T-A-A-A was present 13 base pairs 
upstream from the poly (A) tail in this cDNA insert. 
This sequence was one of two potential polyadenylation 
sites. 
The cDNA sequence also contained the dipeptide 

Lys-Arg at position 156-157, which separates the light 
chain from the heavy chain and is removed during pro 
cessing by proteolytic cleavage resulting in secretion of 
the two-chain molecule. Upon activation of the two 
chain molecule by thrombin, the heavy chain of human 
protein C is cleaved between arginine-169 and leucine 
170, releasing the activation peptide (FIG. 2). 
By a similar method, a second cDNA which lacked 

the coding sequence for the pre-pro peptide and the first 
23 amino acids of protein C was isolated. Using this 
cDNA as a hybridization probe, the remainder of the 
coding sequence was obtained from a human genomic 
DNA library in Charon 4A (Foster et al., Proc. Natl. 
Acad. Sci USA 82: 4673-4677, 1985). Three different A 
Charon 4A phage were isolated that contained overlap 
ping inserts for the protein C gene. 
The positions of exons on the three phage clones 

were determined by Southern blot hybridization of 
digests of these clones with probes made from the 1400 
bp cDNA described above. The genomic DNA inserts 
in these clones were mapped by single and double re 
striction enzyme digestion followed by agarose gel 
electrophoresis, Southern biotting, and hybridization to 
radiolabeled 5' and 3' probes derived from the cDNA 
for human protein C, as shown in FIG. 3. 
DNA sequencing studies were performed using the 

dideoxy chain-termination method. As shown in FIG. 
4, the nucleotide sequence for the gene for human pro 
tein C spans approximately 11 kb of DNA. These stud 
ies further revealed a potential pre-pro peptide of 42 
amino acids. The pre-pro sequence is cleaved by a sig 
nal peptidase following the Gly residue at position -25. 
Processing to the mature protein involves additional 
proteolytic cleavage following residue - 1 to remove 
the amino-terminal propeptide, and at residues 155 and 
157 to remove the Lys-Arg dipeptide which connects 
the light and heavy chains. This final processing yields 
a light chain of 155 amino acids and a heavy chain of 
262 amino acids. 
The protein C gene is composed of eight exons rang 

ing in size from 25 to 885 nucleotides, and seven introns 
ranging in size from 92 to 2668 nucleotides. Exon I and 
a portion of exon II code for the 42 amino acid pre-pro 
peptide. The remaining portion of exon II, exon III, 
exon IV, exon V, and a portion of exon VI code for the 
light chain of protein C. The remaining portion of exon 
VI, exon VII, and exon VIII code for the heavy chain 
of protein C. The amino acid and DNA sequences for a 
cDNA coding for human protein C are shown in FIG. 
2. 
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The introns in the gene for protein C are located 
primarily between various functional domains. Exon II 
spans the highly conserved region of the pre-pro pep 
tide and the gamma-carboxyglutamic acid (Gla) do 
main. Exon III includes a stretch of eight amino acids 5 
which connect the Gla and growth factor domains. 
Exons IV and V each represent a potential growth 
factor domain, while exon VI covers a connecting re 
gion which includes the activation peptide. Exons VII 
and VIII cover the catalytic domain typical of all serine 10 
proteases. 
The amino acid sequence and tentative structure for 

human pre-pro protein C are shown in FIG. 5. Protein 
C is shown without the Lys-Arg dipeptide, which con 
nects the light and heavy chains. The location of the 15 
seven introns (A through G) is indicated by solid bars. 
Amino acids flanking known proteolytic cleavage sites 
are circled. 8 designates potential carbohydrate bind 
ing sites. The first amino acid in the light chain, activa 
tion peptide, and heavy chain start with number 1. This 20 
numbering differs from that shown in FIGS. 2 and 4. 
Carbohydrate attachment sites are located at residue 

97 in the light chain and residues 79, 144, and 160 in the 
heavy chain, according to the numbering scheme of 
FIG. 5. The carbohydrate moiety is covalently linked 25 
to Asn. In the majority of instances, the carbohydrate 
attachment environment can be represented by Asn-X- 
Ser or Asn-X-Thr, where X=any amino acid. 
As noted above, protein C plays a regulatory role in 

the coagulation process. The catalytic domain, encoded 30 
by exons VII and VIII, possesses serine protease activ 
ity which specifically cleaves certain plasma proteins 
(i.e., factors Va and VIIIa), resulting in their activation 
or deactivation. As a result of this selective proteolysis, 
protein C displays anticoagulant and fibrinolytic activi- 35 
ties. 
Due to the presence of intervening sequences in the 

genomic clone, merely joining the genomic and cDNA 
sequences to provide a complete coding sequence is not 
sufficient for constructing an acceptable expression 40 
unit. It is therefore necessary to delete these intervening 
sequences for reasons more fully described below if a 
genomic clone is used to construct the expression unit. 
The 5' coding region may also be obtained by alterna 

tive methods and consequently eliminate the need to 45 
delete intervening sequences. The 5' coding region may 
be obtained by using probes derived from the existing 
cDNA or genomic clones to probe additional libraries. 
By this method, a full-length cDNA was isolated. Fur 
thermore, the amino-terminal portions of the vitamin 50 
K-dependent plasma proteins are responsible for their 
respective calcium binding activities. It has been found 
that, as a result of this functional homology, the calcium 
binding domains of these molecules may be inter 
changed and still retain the activity specific to the cata- 55 
lytic domain of the resultant molecule. For example, as 
described in U.S. patent application Ser. No. 724,311, 
filed Apr. 17, 1985, the amino-terminal portion (calcium 
binding domain) of factor IX may be joined to factor 
VII at amino acid 36 to produce a protein having the 60 
activity of factor VII. Factor VII, factor X, factor X, 
prothrombin, and protein S share this amino-terminal 
sequence homology with protein C. Consequently, a 
cloned sequence comprising the 5'-coding region of the 
gene for any of these proteins might be substituted for 65 
the corresponding sequence of the protein C gene. Ad 
ditionally, suitable coding sequences may be synthe 
sized based on the known amino acid sequences of sev 

8 
eral of the vitamin K-dependent plasma proteins or on 
the sequence of the genomic protein C exons disclosed 
herein. Techniques for producing synthetic nucleotide 
sequences are well known in the art. For example, a set 
of overlapping oligonucleotides may be synthesized and 
annealed in pairs to yield double-stranded fragments 
with overlapping cohesive termini. These fragments are 
then ligated as any restriction fragments would be. The 
resultant synthetic fragment is then ligated to the 
cDNA at a convenient restriction site. The junction 
sequence may be modified as necessary by oligonucleo 
tide-directed mutagenesis. 
When clones representing the entire coding sequence 

have been obtained, the appropriate regions may be 
joined, as necessary, to generate the desired coding 
sequence. Fragments obtained from one or more librar 
ies are cut with appropriate restriction endonucleases 
and joined together enzymatically in the proper orienta 
tion. Depending on the fragments and the particular 
restriction endonucleases chosen, it may be necessary to 
remove unwanted DNA sequences through a "loop 
out” process of deletion mutagenesis or through a com 
bination of restriction endonuclease cleavage and muta 
genesis. The sequence so obtained should preferably be 
in the form of a continuous open reading frame, that is, 
that it lack the intervening sequences (introns) generally 
found in higher eukaryotic genes. The presence of in 
trons in cloned genes may lead to aberrant splicing of 
messenger RNA and/or reduced efficiency of gene 
expression or instability upon amplification when the 
gene sequence is introduced into a mammalian host cell. 
It is preferred that this coding sequence further encode 
a pre-propeptide in order to facilitate proper processing 
and secretion of the protein C produced according to 
the present invention. The pre-pro peptide may be that 
of protein C or another secreted protein, such as factor 
IX, factor VII, or prothrombin. 
Under some circumstances, it may be desirable to 

produce activated protein C directly, thereby removing 
the need to activate the protein product either in vitro 
or in vivo. The cleavage sites involved in the matura 
tion and activation of protein C are known (Foster and 
Davie, ibid). A sequence encoding APC may be con 
structed by deleting the region encoding the activation 
peptide through oligonucleotide-directed deletion mu 
tagenesis. The resultant protein will then become acti 
wated by removal of the Lys-Arg dipeptide during nor 
mal proteolytic processing in the secretion pathway of 
the host cell. It has been found that proteins encoded by 
such a sequence are properly processed by the host 
cells, resulting in secretion of activated protein C. 

In order to enhance the proteolytic processing in 
volved in the maturation of the recombinant protein C 
to the two-chain form, it may be desirable to modify the 
amino acid sequence around the processing site. As 
previously noted, this maturation process involves the 
removal of the dipeptide Lys-Arg (amino acids 
156-157) (Foster and Davie, Proc. Natl. Acad. Sci. USA 
81: 4766-4770, 1984). The vitamin K-dependent protein 
factor X comprises the sequence Arg-Arg-Lys-Arg at 
the cleavage site between the light and heavy chains 
(Leytus et al., Proc. Natl. Acad. Sci. USA 81: 3699-3702, 
1984). By the process of oligonucleotide-directed muta 
genesis, two Arg codons may be inserted into the pro 
tein C sequence immediately 5' to the codon 156. This 
modification can be used in producing wild-type pro 
tein C or activated protein C. 
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The coding sequence for protein C or activated pro 
tein C is then inserted into a suitable expression vector 
which is, in turn, used to transfect a mammalian cell 
line. Expression vectors for use in carrying out the 
present invention will comprise a promotor capable of 5 
directing the transcription of a foreign gene introduced 
into a mammalian cell. Viral promoters are preferred 
due to their efficiency in directing transcription. A 
particularly preferred promotor is the major late pro 
moter from adenovirus 2. Such expression vectors will 10 
also preferably contain a set of RNA splice sites located 
downstream from the promoter and upstream from the 
insertion site for the protein C sequence or within the 
protein C sequence itself. Preferred RNA splice sites 
may be obtained from adenovirus and/or immunoglob- 15 
ulin genes. Also contained in the expression vectors is a 
polyadenylation signal, located downstream of the in 
sertion site. Viral polyadenylation signals are particu 
larly preferred, such as the early or late polyadenylation 
signals from SV40 or the polyadenylation signal from 20 
the adenovirus 5 EIb region. In a particularly preferred 
embodiment, the expression vector also comprises a 
noncoding viral leader sequence, such as the adenovirus 
2 tripartite leader, located between the promoter and 
the RNA splice sites. Preferred vectors may also in- 25 
clude enhancer sequences, such as the SV40 enhancer 
and the sequences encoding the adenovirus VA RNAs. 
Cloned gene sequences may then be introduced into 

cultured mammalian cells by, for example, calcium 
phosphate-mediated transfection (Wigler et al., Cell 14: 30 
725, 1978; Corsaro and Pearson, Sonatic Cell Genetics 7: 
603, 1981; Graham and Van der Eb, Virology 52: 456, 
1973). A precipitate is formed of the DNA and calcium 
phosphate, and this precipitate is applied to the cells. 
Some of the cells take up the DNA and maintain it 35 
inside the cell for several days. A small fraction of these 
cells (typically 10') integrate the DNA into the ge 
nome. In order to identify these integrants, a gene that 
confers a selectable phenotype (a selectable marker) is 
generally introduced into the cells along with the gene 40 
of interest. Preferred selectable markers include genes 
that confer resistance to drugs, such as neomycin, hy 
gromycin, and methotrexate. Selectable markers may 
be introduced into the cell on a separate plasmid at the 
same time as the gene of interest, or they may be intro- 45 
duced on the same plasmid. If on the same plasmid, the 
selectable marker and the gene of interest may be under 
the control of different promoters or the same pro 
moter. In one embodiment, the selectable marker is 
placed on the same plasmid with the sequence encoding 50 
protein C such that both sequences are controlled by 
the same promoter, an arrangement known as a dicis 
tronic message. Constructs of this type are known in the 
art (for example, European Patent Office publication 
117,058). It may also be advantageous to add additional 55 
DNA, known as "carrier DNA,' to the mixture which 
is introduced into the cells. After the cells have taken up 
the DNA, they are allowed to grow for a period of 
time, typically 1-2 days, to begin expressing the gene of 
interest. Drug selection is then applied to select for the 60 
growth of cells which are expressing the selectable 
marker in a stable fashion. Clones of such cells may be 
screened for expression of protein C. 

Preferred mammalian cell lines for use in the present 
invention include the COS, BHK and 293 cell lines. The 65 
293 cell line (ATCC CRL 1573; Graham et al., J. Gen. 
Virol. 36: 59-72, 1977) is particularly preferred, due to 
its ability to efficiently process protein C to the two 

10 
chain form. This cell line is transformed with human 
adenovirus 5 DNA and has the Ad5 ElA gene inte 
grated into its genome. Preferred expression vectors for 
use with 293 cells will include an adenovirus promoter. 
Neomycin resistance is a preferred selectable marker 
for use in 293 cells. 
The copy number of the integrated gene sequence 

may be increased through amplification by using certain 
selectable markers (e.g., dihydrofolate reductase, which 
confers resistance to methotrexate). The selectable 
marker is introduced into the cells along with the gene 
of interest, and drug selection is applied. The drug con 
centration is then increased in a step-wise manner, with 
selection of resistant cells at each step. By selecting for 
increased copy number of cloned sequences, expression 
levels of the encoded protein may be substantially in 
creased. 

Protein C produced according to the present inven 
tion is preferably purified, as by affinity chromatogra 
phy on an anti-protein C antibody column. Additional 
purification of the column eluate may be achieved by 
conventional chemical purification means, such as high 
performance liquid chromatography (HPLC). 

Protein C produced according to the present inven 
tion may be activated by removal of the activation 
peptide from the amino terminus of the heavy chain. 
Activation may be achieved using a-thrombin (Marlar 
et al., Blood 59: 1067-1072, 1982), trypsin (Marlar et al., 
ibid), Russell's viper venom factor X activator (Kisiel, 
ibid) or the commercially available activator Protac C 
(American Diagnostica). 
To summarize the examples which follow, Example 1 

describes the cloning of DNA sequences encoding 
human protein C. Example 2 describes the construction 
of a full-length coding sequence for protein C from the 
sequences isolated in Example 1. Example 3 describes 
the construction of expression vectors for the protein C 
DNA. Example 4 describes the production of protein C 
using transfected mammalian cells. Example 5 describes 
a full-length cDNA encoding protein C and its expres 
sion in transfected mammalian cells. Example 6 de 
scribes the production of activated protein C in BHK 
and 293 cells. Example 7 describes the use of the Factor 
VII pre-pro peptide to secrete protein C from trans 
fected cells. 

EXAMPLES 

Restriction endonucleases and other DNA modifica 
tion enzymes (e.g., T4 polynucleotide kinase, calf alka 
line phosphatase, Klenow DNA polymerase, T4 poly 
nucleotide ligase) were obtained from Bethesda Re 
search Laboratories (BRL) and New England Biolabs 
and are used as directed by the manufacturer, unless 
otherwise noted. 

Oligonucleotides may be synthesized on an Applied 
Biosystems Model 380 A DNA synthesizer and purified 
by polyacrylamide gel electrophoresis on denaturing 
gels. E. coli cells may be transformed as described by 
Maniatis et al. (Molecular Cloning A Laboratory Man 
ual, Cold Spring Harbor Laboratory, 1982). M13 and 
pUC cloning vectors and host strains were obtained 
from BRL. 



4,959,318 
11 12 

EXAMPLE 1. EXAMPLE 2. 

Cloning of DNA Sequences Encoding Human Protein Construction of a Full-Length Coding Sequence for 
C Protein C 

A cDNA coding for a portion of human protein C 
was prepared as described by Foster and Davie (ibid). 
Briefly, a Agtll cDNA library was prepared from 
human liver mRNA by conventional methods. Clones 
were screened using 125r-labeled affinity-purified anti 
body to human protein C, and phage were prepared 
from positive clones by the plate lysate method (Mania 
tis et al., ibid), followed by banding on a cesium chlo 
ride gradient. The cDNA inserts were removed using 
Eco RI and subcloned into plasmid puC9 (Vieira and 
Messing, Gene 19:259-268, 1982). Restriction fragments 
were subcloned in the phage vectors M13mp10 and 
m13mp 1 (Messing, Meth. in Enzymology 101: 20-77, 
1983) and sequenced by the dideoxy method (Sanger et 
al., Proc. Natl. Acad. Sci. USA 74:5463-5467, 1977). A 
clone was selected which contained DNA correspond 
ing to the known sequence of human protein C (Kisiel, 
ibid) and encoded protein C beginning at amino acid 64 
of the light chain and extending through the heavy 
chain and into the 3' non-coding region. This clone was 
designated AHC1375. A second cDNA clone coding for 
protein C from amino acid 24 was identified. The insert 
from this clone was subcloned into puC9 and the plas 
mid designated pHCA6L (FIG. 1). This clone encodes a 
major portion of protein C, including the heavy chain 
coding region, termination codon, and 3' non-coding 
region. 
The cDNA insert from AHC1375 was nick translated 

using a-P dNTP's and used to probe a human geno 
mic library in phage A Charon 4A (Maniatis et al., Cell 
15: 687-702, 1978) using the plaque hybridization proce 
dure of Benton and Davis (Science 196: 181-182, 1977) 
as modified by Woo (Meth, in Enzymology 68: 381-395, 
1979). Positive clones were isolated and plaque-purified 
(Foster et al., Proc. Natl. Acad. Sci. USA 82: 4673-4677, 
1985, herein incorporated by reference). Phage DNA 
prepared from positive clones (Silhavy et al., in Experi 
ments with Gene Fusion, Cold Spring Harbor Labora 
tory, 1984) was digested with Eco RI or Bgl II and the 
genomic inserts purified and subcloned in puC9. Insert 
restriction fragments were subcloned into M13 vectors 
and sequenced to confirm their identity and establish 
the DNA sequence of the entire gene. 
The cDNA insert of pHCA6L was nick translated 

and used to probe the phage AC 4A library. One geno 
mic clone was identified which hybridized to probes 
made from the 5' and 3' ends of the cDNA. This phage 
clone was digested with EcoRI and a 4.4 kb fragment, 
corresponding to the 5' end of the protein C gene, was 
subcloned into puC9. The resultant recombinant plas 
mid was designated pHCR4.4. Complete DNA se 
quence analysis revealed that the insert in pHCR4.4 
comprised two exons of 70 and 167 base pairs separated 
by an intron of 1263 bp. The first exon encodes amino 
acids - 42 to -19; the second encodes amino acids - 19 
to 37. Sequence analysis confirmed the DNA sequence 
of the entire protein C gene. 
As noted above, it is then necessary to remove the 

intron in order to use a genomic clone to construct an 
acceptable coding sequence for use within the present 
invention. 

O 
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A full-length coding sequence for Protein C, includ 
ing the pre-pro peptide, is constructed by joining the 
appropriate fragments of the cDNA and genomic 
clones. This is accomplished by removing the intron 
from the genomic clone (pHCR4.4) and joining the 
fused exons to the cDNA (from pHCA6L) at convenient 
restriction sites. The desired genomic:cDNA junction is 
then generated by looping out unwanted sequences by 
oligonucleotide-directed deletion mutagenesis. 

Plasmid pHCA6L contains the protein C partial 
cDNA cloned in the EcoRI site of puC9 (FIG. 1). The 
cDNA insert is subcloned in two fragments to prepare 
it for joining to the 5'-most coding region from the 
genomic clone. Plasmid pHCA6L is digested with Eco 
R and Sal I, and the reaction mixture is then extracted 
with phenol and CHCl3 and ethanol-precipitated. The 
resulting DNA fragments are resuspended in ligation 
buffer, and T4 DNA ligase is added. The ligation mix 
ture is incubated at 15" C. for 14 hours. An aliquot of the 
ligation mix is used to transform E. coli JM83, and the 
cells are plated on LB agar containing X-gal. White 
colonies are selected, and plasmid DNA is prepared. 
The DNA is analyzed by restriction enzyme digestion 
to identify clones containing the 3' portion of the 
cDNA (ca. 1450 bp insert) and the 5' portion of the 
cDNA (ca. 65 bp insert). These clones are designated 
p9C3' and p9C5, respectively (FIG. 6). 
The 5' coding region missing from the cDNA is con 

tained in exons I and II of the genomic clone pHCR4.4. 
This plasmid contains an insert of approximately 4400 
base pairs and terminates on its 3' end at an EcoRI site 
located in intron B. 
To remove the coding sequences from pHCR4.4, the 

plasmid is digested with Pst and EcoRI and the result 
ing fragments separated by electrophoresis in an aga 
rose gel. The ca.2540 bp fragment containing exons I 
and II is isolated from the geland extracted with CTAB 
(Langridge, et al., Analyt. Biochem. 103: 264, 1980). This 
fragment, designated 5P-R, is subcloned into plJC9 to 
produce plasmid p5P-R (FIG. 7). 
The intron in p5P-R (designated intron A), is re 

moved in a two-step process (FIG. 7). The plasmid is 
digested with Apa I, which cleaves at a unique site in 
the intron and leaves 3' overhanging ends. The linear 
ized plasmid is then treated with Ball 31 exonuclease or 
T4 polymerase to remove approximately 400 bp from 
each end and the resultant fragment ends are blunted 
with S nuclease. The linearized plasmid is recircula 
rized with ligase and used to transform E. coli JM83. 
Plasmid DNA is extracted and analyzed for the pres 
ence of the SmaI and Sst I restriction sites in intron A, 
and a plasmid having a Sna -Sst fragment reduced to 
300-400 bp is chosen and designated p5PAaR. 
The remainder of intron A is removed by oligonu 

cleotide-directed deletion mutagenesis, essentially as 
described by Zoller and Smith (Manual for Advanced 
Techniques in Molecular Cloning Course, Cold Spring 
Harbor Laboratory, 1983) for the two-primer method. 
p5'PAaR is digested with Pst I and EcoRI, and the 
protein C fragment is subcloned into Pst I--Eco RI 
digested M13mps. Plus strand phage DNA is prepared 
as template and annealed to oligonucleotide mut-l 
(Table 1). This mutagenic oligonucleotide comprises 
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sequences complementary to the exon I and II sequen 
ces to be joined. The M13 universal sequencing primer 
is annealed 3' to mut-l on the same template. The prim 
ers are extended using DNA polymerase (Klenow frag 
ment) and nucleoside triphosphates in the presence of 5 
T4 ligase. The resulting duplex DNA circles are trans 
formed into E. coli JM103 and the resulting plaques 
screened under stringent hybridization conditions using 
the P-labeled mutagenic oligonucleotide as probe. 
DNA from positive plaques is isolated and sequenced 
using oligonucleotide primer-1 (Table 1), which primes 
in exon II, allowing the determination of the DNA 
sequence across the deletion junction. A molecule hav 
ing the correct inframe fusion of exons I and II is se 
lected. The Pst-EcoRI fragment is isolated from the 
Mi3 replicative form by restriction endonuclease diges 
tion and agarose gel electrophoresis and is subcloned 
into puC9 to produce plasmid p5I-II (FIG. 7). 

Referring to FIG. 8, to join the 5' coding region to 
the cDNA, the ca. 1277 bp Pst I-Eco RI fragment of 
p5"I-II is isolated from a Pst --Eco RI digest of the 
plasmid and purified by agarose gel electrophoresis. 
The 65bp 5'-most cDNA fragment is isolated from a Sal 
I--EcoRI digest of p9C5' and purified by electrophore 
sis on an acrylamide gel. The two fragments are ligated 
at their Eco RI termini, and the resulting ca. 1330 bp Pst 
I-Sal I fragment is subcloned into Pst I--Sal I-digested 
M13mps (FIG. 8). Plus strand phage DNA is prepared 
as template for oligonucleotide-directed deletion muta 
genesis. Oligonucleotide mut-2 (Table 1) is annealed to 
the template, and oligonucleotide mut-3 (Table 1) is 
annealed upstream as second primer. The primers are 
extended as described above. Oligonucleotide mut-2 
directs the fusion of exon II sequences encoding amino 
acids 23-26 to the cDNA at codon 27. The second 
primer (mut-3) introduces an Eco RI site 35 bp up 
stream from the start of translation. The resulting phage 
are screened for the absence of Nico I and Xho I sites 
and for the presence of the introduced Eco RI site. 
Phage DNA showing the desired restriction pattern is 
sequenced using primer-2 (Table 1) to verify the pres 
ence of the correct junction between exon II and the 
cDNA. Phage DNA with the correct sequence is se 
lected, and the Pst 1-Sal I fragment comprising the 5' 
coding region is isolated from the replicative form of 
the M13 recombinant phage. The fragment is purified 
by agarose gel electrophoresis and inserted into Pst 
I-Sal I-digested puC9 to produce plasmid pC5'end. 

Referring to FIG. 9, plasmid pC5'end is digested with 
EcoRI and Sal I, and the 5' protein C fragment is puri 
fied by agarose gel electrophoresis and extraction with 
CTAB. The remainder of the cDNA is isolated as a Sal 
I - Eco RI fragment from p9C3". The two fragments are 
joined in a three-part ligation to Eco RI- digested 
pUC9. The ligation mixture is used to transform E. coli 
JM83, the cells are plated on LB+X-gal, and plasmid 
DNA is isolated from white colonies. The resultant 
plasmid is designated pMMC. It contains the complete 
coding sequence for human protein C on a ca. 1500 bp 
Eco RI fragment. 

TABLE 
Oligo 

nucleotide Sequence 

nut- 3CGA GGA GAA CTG AGT CACAA' 
nut-2 3'CTG AAG CTC CTC cog TTCCTT TAA' 
nut-3 GGA GoA ATT CTG AGc 

primer- 'TT GCG GAT CCG CAG 

O . 
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14 
TABLE I-continued 

Oligo 
nucleotide Sequence 
primer-2 CGA CGT GCTTGG ACC 

EXAMPLE 3 

Construction of Expression Vectors for Protein C 
The protein C-encoding insert is removed from 

pMMC as an EcoRI fragment and inserted into a suit 
able mammalian cell expression vector. An exemplary 
vector is pd7, comprising the SV40 enhancer and the 
adenovirus 2 major late promoter and tripartite leader. 

Plasmid pd7 is generated from plasmid poHFRIII 
(Berkner and Sharp, Nuc Acids. Res. 13: 841-857, 1985). 
The Pst I site immediately upstream from the DHFR 
sequence in pdf RIII was converted to a Bcl I site by 
digesting 10 ug of plasmid with 5 units of Pst I for 10' at 
37 C. in 100 ul buffer A (10 mM Tris pH 8, 10 mM 
MgCl2, 6 mM NaCl, 7 mM 3-MSH). The DNA was 
phenol extracted, EtOH precipitated, and resuspended 
in 40 ul buffer B (50 mM Tris pH 8, 7 mM MgCl2, 7mM 
£-MSH) containing 10 mM dCTP and 16 units T4DNA 
polymerase and incubated at 12 C. for 60 minutes. 
Following EtOH precipitation, the DNA was ligated to 
2.5 ug kinased Bcl I linkers in 14 ul buffer C (10 mM 
Tris pH 8, 10 mM MgCl2, 1 mM DTT, 1.4 mM ATP) 
containing 400 units T4 polynucleotide ligase for 12 
hours at 12 C. Following phenol extraction and EtOH 
precipitation, the DNA was resuspended in 120 ul 
buffer D (75 mM KC1, 6 mM Tris pH 7.5, 10 mM 
MgCl2, 1 mM DTT), digested with 80 units Bcl I for 60 
minutes at 50 C., then electrophoresed through aga 
rose. Form III plasmid DNA (10 ug) was isolated from 
the gel, and ligated in 10 ul buffer C containing 50 units 
T4 polynucleotide ligase for 2 hours at 12 C., and used 
to transform E. coli HB 101. Positive colonies were iden 
tified by rapid DNA preparation analysis, and plasmid 
DNA (designated pdhPR') prepared from positive 
colonies was transformed into dAM E. coli. 

Plasmid po2' was then generated by cleaving 
pDHFR" (15 ug) and pSV40 (comprising Bam HI di 
gested SV40 DNA cloned into the Bam HIsite of pML 
1) (25 ug) in 100 ul buffer D with 25 units Bcl I for 60 
minutes at 50 C., followed by the addition of 50 units 
Ban HI and additional incubation at 37 C. for 60 min 
utes. DNA fragments were resolved by agarose gel 
electrophoresis, and the 4.9 kb poRR' fragment and 
0.2 kb SV40 fragment were isolated. These fragments 
(200 ng pohlfR DNA and 100 ng SV40 DNA) were 
incubated in 10 ul buffer C containing 100 units T4 
polynucleotide ligase for 4 hours at 12 C., and the 
resulting construct (pD2) was used to transform E. coli 
RRI. 

Plasmid pd2" was modified by deleting the "poison' 
sequences in the per 322 region (Lusky and Botchan, 
Nature 293: 79-81, 1981). Plasmids plo2 (6.6 ug) and 
pML-1 (Lusky and Botchan, ibid) (4 ug) were incubated 
in 50 ul buffer A with 10 units each Eco RI and Niru I 
for 2 hours at 37 C., followed by agarose gel electro 
phoresis. The 1.7 kb pD2' fragment and 1.8 kb pML-1 
fragment were isolated and ligated together (50 ng 
each) in 20 ul buffer C containing 100 units Ta polynu 
cleotide ligase for 2 hours at 12" C., followed by trans 
formation into E. coli HB101. Colonies containing the 
desired construct (designated pd2) were identified by 
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rapid preparation analysis. Ten ug of pD2 were then 
digested with 20 units each Eco RI and Bgl II, in 50 ul 
buffer A for 2 hours at 37' C. The DNA was electro 
phoresed through agarose, and the desired 2.8 kb frag 
ment (fragment C) comprising the pbR322, 3' splice site 
and poly A sequences was isolated. 
To generate the remaining fragments used in con 

structing pd3, pdh FRIII was modified to convert the 
Sac II (Sst II) site into either a Hind III or Kpn I site. 
Ten ug pdf RIII were digested with 20 units Sst II 
for 2 hours at 37 C., followed by phenol extraction and 
ethanol precipitation. Resuspended DNA was incu 
bated in 100 ul buffer B containing 10 mM dCTP and 16 
units T4 DNA polymerase for 60 minutes at 12" C., 
phenol extracted, dialyzed, and ethanol precipitated. 
DNA (5ug) was ligated with 50 ng kinased Hind III or 
Kpn I linkers in 20 ul buffer C containing 400 units T4 
DNA ligase for 10 hours at 12" C., phenol extracted, 
and ethanol precipitated. After resuspension in 50 ul 
buffer A, the resultant plasmids were digested with 50 
units Hind III or Kpn I, as appropriate, and electro 
phoresed through agarose. Gel-isolated DNA (250ng) 
was ligated in 30 ul buffer C containing 400 units T4 
DNA ligase for 4 hours at 12" C. and used to transform 
E. coli RRI. The resultant plasmids were designated 
pDHFRIII (Hind III) and poHFRIII (Kpn I). A 700 
bp Kpn I-Bgl II fragment (fragment A) was then puri 
fied from poHFRIII (Kpn I) by digestion with Bgl II 
and Kipn I followed by agarose gel electrophoresis. 
The SV40 enhancer sequence was inserted into 

pDHFRIII (HindIII) as follows: 50 ug SV40 DNA was 
incubated in 120 ul buffer A with 50 units Hind III for 
2 hours at 37 C., and the Hind III C SV40 fragment 
(5089-968 bp) was gel purified. Plasmid pohPRIII 
(HindIII) (10 ug) was treated with 250 ng calf intestinal 
phosphatase for 1 hour at 37' C., phenol extracted and 
ethanol precipitated. The linearized plasmid (50ng) was 
ligated with 250 ng Hind III C SV40 in 16 ul buffer C 
for 3 hours at 12' C., using 200 units T4 polynucleotide 
ligase, and transformed into E. coli HB101. A 700 base 
pair Eco R-Kpn I fragment (fragment B) was then 
isolated from this plasmid. 

For the final construction of pD3, fragments A and B 
(50 mg each) were ligated with 10 ng fragment C with 
200 units T4 polynucleotide ligase for 4 hours at 12" C., 
followed by transfection of E. coli RRI. Positive colo 
nies were detected by rapid preparation analysis, and a 
largescale preparation of pD3 was made. 

Plasmid po3 is modified to accept the insertion of the 
protein Csequence by converting the Bcl I insertion site 
to an EcoRI site. It is first necessary to remove the Eco 
RI site present in pd3 at the leftmost terminus of the 
adenovirus 50-1 map unit sequences by converting it to 
a Ban HI site via conventional linkering procedures. 
Briefly, the plasmid is digested with Eco RI and the 
linearized DNA treated with T4DNA polymerase and 
all four deoxynucleotide triphosphates to generate blunt 
termini. The plasmid is then ligated to octonucleotides 
comprising the Bam H restriction site, the DNA di 
gested with Ban HI to remove excess linkers, and the 
fragment comprising the mammalian cell expression 
sequences is cloned into the Bam H.I site of pML-1. The 
resultant plasmid is transformed into E. coli HB 101, and 
plasmid DNA is prepared and screened for the correct 
conversion. In a similar manner, the Bcl I site is con 
verted to an EcoRI site using appropriate octonucleo 
tide linkers. The resultant vector is known as pd7. The 
1.5 kb protein C Eco RI fragment from pMMC is then 
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inserted into the Eco RI site of pD7 to produce the 
expression vector po7C (FIG. 10). 
A vector enabling expression of the protein C se 

quence from a polycistronic message is constructed by 
using pd5, a plasmid similar to pd3 which contains a 
DHFR coding sequence lacking most of the 5' non-cod 
ing region. The DHFR sequence is further modified to 
reduce its binding affinity to methotrexate. 
The vector pd5 is constructed by a method analo 

gous to that described for pD3, and differs from pd3 
only in that a Bam H.I site is the site of insertion of 
heterologous DNAs, and that the Bcl I-Bam HI SV40 
fragment containing the SV40 polyadenylation signal is 
in the late orientation. 
The DHFR sequence is modified by first digesting 

pDHFRIII with Pst I and Sst I and isolating the 400 bp 
DHFR fragment. This is subcloned in an M13 phage 
vector and mutagenized as described by Simonsen and 
Levinson (Proc. Natl. Acad. Sci USA 80: 2495-2499, 
1983). Mutagenesis results in a single base pair change in 
the DHFR sequence. The altered fragment is then rein 
serted into poh PRIII to produce plasmid ploh FR III. 
The 5' non-coding region of the DHFR sequence is 

then removed. Plasmid poHFRIII is cleaved with Fnu 
4HI, which cuts the plasmid at approximately 20 sites, 
then treated with T4 DNA polymerase and all four 
deoxynucleotide triphosphates to generate blunt ter 
mini. Bam H. linkers are ligated to the ends, and the 
mixture digested with Bam HI and Nco I. A 0.6 kb Ban 
HI-Nco I fragment comprising the DHFR cDNA is 
isolated. Plasmid poHFRIII is digested with Nico I and 
Bam HI and the 0.2 kb fragment comprising the SV40 
polyadenylation signal is isolated. The polyadenylation 
signal, in the early orientation, is then ligated to the 
DHFRr fragment. After digestion with Bam HI, the 
resultant Bam HIfragment is then inserted into the Bam 
HI site of pD5 and the ligation mixture used to trans 
form E. coli HB101. plasmid DNA is prepared and 
screened by restriction endonuclease digestion. A plas 
mid having the DHFRinsert in the correct orientation 
for transcription from the Ad2 major late promoter is 
designated pd5(DHFR). 
To express protein C using plasmid po5(DHFRr), 

pMMC is digested with EcoRI and the 1.5 kb protein 
C fragment is isolated. The Eco RI termini are con 
verted to Bcl I termini by linkering. Plasmid 
pD5(DHFR) is partially digested with Bam HI to 
cleave it at the 5' end of the DHFR sequence and is 
ligated to the protein C fragment. Plasmid DNA is 
screened for the proper orientation and insertion of the 
protein C fragment. The resultant vector, designated 
pD5(PC-DHFR), is illustrated in FIG. 11. 

EXAMPLE 4 

Expression of Protein C in Transfected Mammalian 
Cells 

Baby hamster kidney (BHK) cells (American Type 
Culture Collection accession number CCL10) are trans 
fected with plot.Cessentially as described (Wigler et al., 
Cell 14: 725, 1978; Corsaro and Pearson, Sonatic Cell 
Genetics 7: 603, 1981; and Graham and Van der Eb, 
Virology 52:456, 1973). The cells are grown at 37 C., 
5% CO2 in Dulbecco's medium (plus 10% heat-inac 
tivated fetal calf serum and supplemented with gluta 
mine and penicillin-streptomycin) in 60 mm tissue cul 
ture Petri dishes to a confluency of 20%. A total of 10 
ug of DNA is used to transfect one 60 mm dish: 3.75ug 
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of pD7C, 1.25 ug of pKO-neo (Southern and Berg, J. 
Mol. Appl. Genet 1:327-341, 1982) and 5 ug of salmon 
sperm DNA. The DNAs are precipitated in 0.3 M 
NaOAc, 75% ethanol, rinsed with 70% ethanol and 
redissolved in 20 ul 10 mM Tris-HCl pH8, 1 mM 
EDTA. The DNA is combined with 440 ul H2O and 
500 ul of 280 mM. NaCl, 1.5 mM NaHPO, 12 mM 
dextrose, 50 mM HEPES pH 7.12. Sixty ul of 250 mM 
CaCl2 are added dropwise to the above mixture and the 
solution let stand at room temperature for 30 minutes. 
The solution is then added to the cells and the cells 
returned to 37 C. for 4 hours. The medium is removed 
and 5 ml of 20% DMSO in Dulbecco's with serum are 
added for 2 minutes at room temperature. The dish is 
then washed rapidly with 2 changes of medium and 
incubated in fresh medium overnight. Twenty-four 
hours after the addition of the DNA, the medium is 
removed and selective medium (10 mg/ml of G418, 498 
u/mg, Gibco, in Dulbecco's with serum) added. After 
approximately 10-13 days, individual clones, represent 
ing cells that have incorporated the pKO-neogene and 
are thus resistant to G418, are transferred to 96-well 
plates and grown up for protein assays in Dulbecco's 
plus 10% fetal calf serum. 
To assay for protein C, the medium is separated from 

the cells and cellular debris by centrifugation, and as 
sayed for protein C polypeptide and biological activity. 
The cells are removed from the plates with trypsin, 
washed with fresh medium, centrifuged and frozen at 
-20 C. For assay, the cell pellets are thawed in PBS, 
pelleted, and resuspended in PBS containing 0.25% 
Triton X-100. Samples are diluted and assayed for poly 
peptide and activity. 
The ELISA for protein C is done as follows: Two 

hundred microliters of antibody (monoclonal or poly 
clonal) against human protein C (5 ul/ml in 0.1 M Na2 
CO3 pH 9.6) are incubated in each well of a 96-well 
microtiter plate 2 hours at 37 C. The wells are then 
incubated with 220 ul of 1% bovine serum albumin 
(BSA) and 0.05% Tween 20 in PBS pH 7.2 for 2 hours 
at 37 C. The plates are rinsed with H2O, air dried, and 
stored at 4 C. To assay samples, 200 ul samples are 
incubated 1 hour at room temperature in the antibody 
coated wells. The wells are then rinsed four times with 
200 ul PBS containing 0.05% Tween 20. The wells are 
then incubated for 1 hour at room temperature with 200 
ul of an IgG fraction of rabbit polyclonal antiserum 
against protein C (5ug/ml in PBS containing 1% BSA 
and 0.05% Tween 20). This is followed by incubation 
with goat anti-rabbit IgG coupled to alkaline phospha 
tase. The wells are then rinsed four times with PBS 
containing 0.05% Tween 20. To the wells are added 200 
ul p-nitrophenyl phosphate (30 mg) dissolved in dieth 
anolamine buffer (96 ml per liter) pH 9.8 containing 56 
ng/l MgCl2. The enzyme reaction is done at 37 C. and 
the development of a yellow color is nonitored at 405 
nm using an ELISA plate reader. 

Protein C biological activity is assayed by its ability 
to prolong the kaolin-cephalin clotting time of plasma 
following its activation by thrombin as described by 
Kisiel and Davie (Meth, in Enzymology 80: 320-332, 
1981). 
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EXAMPLE 5 

Expression of a Full-Length cDNA Encoding Protein 
C 

A. Isolation of cDNA 

A genomic fragment containing an exon correspond 
ing to amino acids -42 to - 19 of the pre-pro peptide 
(Exon 1 in FIG. 4) of protein C was isolated, nick trans 
lated, and used as a probe to screen a cDNA library 
constructed by the technique of Gubler and Hoffman 
(Gene 25: 263-269, 1983) using mRNA from HEPG2 
cells. This cell line was derived from human hepato 
cytes and was previously shown to synthesize protein C 
(Fair and Bahnak, Blood 64: 194-204, 1984). Ten posi 
tive clones comprising cDNA inserted into the EcoRI 
site of phage Agtll were isolated and screened with an 
oligonucleotide probe corresponding to the 5' noncod 
ing region of the protein C gene. One clone was also 
positive with this probe and its entire nucleotide se 
quence was determined. The cDNA contained 70 bp of 
5' untranslated sequence, the entire coding sequence for 
human prepro-protein C, and the entire 3' noncoding 
region corresponding to the second polyadenylation 
site (FIG. 2). 

B. Expression Vector Construction 
The expression of protein C cDNA was achieved in 

the vector pdX. This vector was derived from pd3 
(described in Example 3 above) and pd3, a vector 
identical to pd3 except that the SV40 polyadenylation 
signal (i.e. the SV40 BamHI 2533 bp to Bcl 2770 bp) 
fragment) is in the late orientation. Thus, pID3' contains 
a Bam H.I site as the site of gene insertion. 
To generate pDX, the EcoRI site in pd3' was con 

verted to a Bcl site by Eco RI cleavage, incubation 
with Sl nuclease, and subsequent ligation with Bcl I 
linkers. DNA was prepared from a positively identified 
colony, and the 1.9 kb Xho I-Pst I fragment containing 
the altered restriction site was prepared via agarose gel 
electrophoresis. In a second modification, Bcl-cleaved 
pD3 was ligated with kinased Eco RI-Bcl I adaptors 
(constructed from oligonucleotides ZC 525, 
5'GGAATTCT3'; and ZC526, SGAT 
CAGAATTCC3") in order to generate an EcoRI site 
as the position for inserting a gene into the expression 
vector. Positive colonies were identified by restriction 
endonuclease analysis, and DNA from this was used to 
isolate a 2.3 kb Xho I-Pst I fragment containing the 
modified restriction site. The two above-described 
DNA fragments were incubated together with T4DNA 
ligase, transformed into E. coli HB101 and positive colo 
nies were identified by restriction analysis. A prepara 
tion of such DNA, termed poX, was then made. This 
plasmid contains a unique EcoRI site for insertion of 
foreign genes. 
The protein C cDNA was then inserted into pIDX as 

an Eco RI fragment. Recombinant plasmids were 
screened by restriction analysis to identify those having 
the protein C insert in the correct orientation with re 
spect to the promoter elements and plasmid DNA (des 
ignated poX/PC) was prepared from a correct clone 
(FIG. 12). Because the cDNA insert in pdX/PC con 
tains an ATG codon in the 5' noncoding region (see 
FIG. 2), deletion mutagenesis was performed on the 
cDNA prior to transfection and expression experi 
ments. Deletion of the three base pairs was performed 
according to standard procedures of oligonu 
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cleotidedirected mutagenesis. The pDX-based vector 
containing the modified cDNA was designated p594. 

C. cDNA Expression 
Plasmid p594 was transfected into COS, BHIK and 5 

293 cells by calcium phosphate precipitation. Four 
hours later, fresh culture media (supplemented with 5 
ug/ml vitamin K) were added. At appropriate times 
(usually 48 or 72 hours), the culture media were har 
vested and the cells were collected and lysed. 10 
The protein C secreted into the culture medium was 

assayed by ELISA using the same affinity-purified po 
lyclonal antibody which was used in the initial identifi 
cation of the cDNA clones. Results of the assays of 
COS and 293 cells (Table 2) showed that protein C was 15 
secreted from the transfected cells. It was found that 
293 cells gave consistently higher levels of protein C 
than did COS cells. 
To assess the extent of gamma-carboxylation of the 

recombinant protein, samples of the culture media were 20 
subjected to barium citrate precipitation, a process 
which selectively precipitates only gamma-carbox 
ylated proteins from plasma (Bajaj et al., J. Biol Chen. 
256: 253-259, 1981). Over 70% of the protein C anti 
genic material could be precipitated with barium ci- 25 
trate. 
The recombinant protein C was assayed for anticoag 

ulant activity by measuring its ability to prolong coagul 
lation. Dialyzed media samples were treated with Pro 
tac C(American Diagnostica) to activate the protein C. 30 
The samples were then added to an in vitro clotting 
assay (Sugo et al., J. Biol. Chen. 260: 10453, 1985) and 
the clotting time was measured. The activity of the 
recombinant material was shown to be essentially the 
same as that of naturally occurring protein C. 35 

Protein C produced by transfected BHK and 293 
cells was further analyzed by Western blotting. Media 
samples were electrophoresed on denaturing gels and 
blots were prepared and probed with radiolabeled anti 
body to protein C. Results indicated that about 20% of 
the protein C from BHK cells was in the two-chain 
form, while about 90% of that from 293 cells was pro 
cessed to the two-chain form. 

TABLE 2 
TRANSIENT EXPRESSION AND SECRETEON OF 45 

PROTEIN C IN COS and 293 CELLS 
ng/ml 

protein C 
cells plasmid in media 

COS Ole O 50 
COS p594 10 
293 Oe O 
293 p594 so 

EXAMPLE 6 55 

EXPRESSION OF ACTIVATED PROTEIN C 

The cDNA sequence for protein C was altered by 
site-specific mutagenesis to delete the portion encoding 
the activation peptide. The altered sequence was then 60 
transfected into BHK and 293 cells and stably trans 
fected cells were selected. Active protein C was de 
tected in culture media samples from both cell lines. 
To delete the activation peptide coding sequence, 

plasmid p594 was digested with Sst I and the -880 bp 65 
fragment was purified and inserted into the Sst I site of 
M13mplo. The 12 activation peptide codons were de 
leted by oligonucleotide-directed deletion mutagenesis 
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(Zoller and Smith, DNA 3: 479-488, 1984) using the 
mutagenic oligonucleotide 'CTGAAACGACT 
CATTGAT3'. Replicative form DNA was prepared 
from mutant phage clones and digested with Sst I. The 
protein C fragment (-840 bp) was isolated and inserted 
into Sst I digested p594. The resultant plasmids were 
screened for proper orientation of the Sst I fragment by 
restriction mapping using Bgl II. A correct plasmid was 
selected and designated pPC829. Plasmid pPC829 was 
sequenced to verify the presence of the desired coding 
sequence. 

Plasmid pPC829 was cotransfected into BHK cells 
(with plasmid pSVDHFR (Lee et al., Nature 294: 
228-232, 1981)) and 293 cells (with pKO-neo (Southern 
and Berg, J. Mol. Appl. Genet 1: 327-341, 1982) by 
calcium phosphate coprecipitation (Graham and van 
der Eb, Virology 52: 456-467, 1973). After 48 hours, 
culture media were harvested and assayed for protein C 
by ELISA. Results are shown in Table 3. At the same 
time, cultures were split 1:5 into media containing 500 
ug/ml of G418 (293 cells) or 250 nM methotrexate 
(BHK cells). After 10 days in the presence of selective 
media, stably transfected colonies were screened for 
protein C production by immunofilter assay (Mc 
Cracken and Brown, BioTechniques, 82-87, March/A- 
pril, 1984). Plates were rinsed with PBS or No Serum 
medium (Dulbecco's plus penicillin-streptomycin, 5 
ug/ml vitamin K). Teflon (R) mesh was then placed over 
the cells. Nitrocellulose filters were wetted with PBS or 
No Serum medium, as appropriate, and placed over the 
mesh. After four hours' incubation at 37' C., filters were 
removed and placed in buffer A (50 mM Tris pH 7.4, 5 
mM EDTA, 0.05% NP-40, 150 mM. NaCl, 0.25% gela 
tin) for 30 minutes at room temperature. The filters 
were incubated for 1 hour at room temperature, shak 
ing, in biotin labeled sheep polyclonal antibody to pro 
tein C, 1 ug/mlin buffer A. Filters were then washed in 
buffer A and incubated 1 hour at room temperature, 
shaking, in avidin-conjugated horseradish peroxidase 
(Boehringer-Mannheim), 1:1000 in buffer A. Filters 
were washed in buffer B, then in H2O, and incubated in 
color reagent (60 mg HRP color development reagent 
Bio-Rad), 20 ml methanol, 100 ul H2O, in 100 ml 50 
mM Tris pH 7.4, 150 mM. NaCl). The reaction was 
stopped by transferring the filters to H2O. 

Positive colonies were picked and grown in selective 
media (containing 500 ug/ml G418 or 250 nM metho 
trexate, as appropriate) for 10 days. Culture media were 
assayed for APC activity by chromogenic assay. Media 
samples were added to microtiter wells containing 100 
ul of 0.2 mM Spectrozyme PCa (American Diagnostica 
#336) in 50 mM Tris pH 7.5, 150 mM. NaCl. Plates were 
incubated at 37 C. and the A405 measured at various 
time intervals. Representative results from one trans 
fected 293 cell line (designated 829-20) are shown in 
FIG. 13. Media from positive colonies of line 829-20 
consistently showed higher activity with the chromo 
genic substrate for APC than did control media which 
had been incubated with non-transfected 293 cells for 
the same length of time (10 days). 

TABLE 3 
TRANSEN EXPRESSION OF ACTIVATED 

PROTEIN C (ELISA) 
Protein C 

Ceil Line ng/ml in Media 
BHK 2.7 
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TABLE 3-continued 
TRANSENT EXPRESSION OF ACTIVATE) 

PROTEIN C (ELISA) 
Protein C 

Cell Line ng/ml in Media 
293 30 

EXAMPLE 7 

USE OF THE FACTOR VII PRE-PRO PEPTIDE 
TO SECRETE PROTEIN C 

The inventors have found that BHK cells correctly 
process factor VII precursor, but apparently do not 
remove the leader peptide from protein C at high effi 
ciency. Accordingly, the factor VII pre-pro peptide 
was substituted for the protein C pre-pro peptide in 
order to obtain properly processed protein C. This hy 
brid construct is then inserted into an expression vector 
and transfected into BHK cells. 
A cDNA encoding factor VII has been described 

(Hagen et al., Proc. Natl. Acad. Sci USA 83: 2412-2416, 
Clone AHVII565 comprises the coding sequence for a 
38 amino acid pre-pro peptide. This coding sequence 
was isolated as an EcoRI-Hha I fragment of 140 bp. 
The protein C sequence was isolated from p594 by 

partial cleavage with Sst I and complete digestion with 
EcoRI. A 1540 bp fragment extending from the Sst I 
site at codon--7 to the EcoRI site 3' to the cDNA was 
isolated. 
The factor VI and protein C sequences were then 

joined by means of an oligonucleotide linker which 
completes the coding sequence for amino acids -3 to -1 
of the factor VII pre-pro peptide and amino acids 1-8 of 
protein C. The linker was constructed from two oligo 
nucleotides having the sequences 
s'CCGGCGCGCCAACTCCTTCCTGGAG 
GAGCT3' and 5'CCTCCAGGAAG 
GAGTTGGCGCGCCGGCG3'. The two oligonucle 
otides were annealed and joined, in a four-part ligation, 
to the factor VII pre-pro sequence, protein C cDNA 
and plJC9 which had been cleaved with Eco RI and 
treated with bacterial alkaline phosphatase. The ligated 
DNA was used to transform E. coli (JM 101). Plasmid 
DNA was prepared and screened for the presence of a 
1710 bp Eco RI fragment. A correct clone was desig 
nated p7/C-10. 

For expression in BHK cells, the Eco RI insert fron 
p7/C-10 is ligated to EcoRI-digested pdX. The resul 
tant vector is used to transfect BHK cells. The cells are 
cultured and protein C is assayed as previously de 
scribed. 
From the foregoing it will be appreciated that, al 
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Lys-Arg at the cleavage site between the light and 
heavy chains. 

3. An expression vector capable of integration in 
mammalian host cell DNA, said expression vector in 
cluding a promoter followed downstream by a nucleo 
tide sequence which encodes a protein having substan 
tially the same biological activity as human protein C or 
human activated protein C, said nucleotide sequence 
further encoding the pre-pro peptide of factor VII, said 
nucleotide sequence being followed downstream by a 
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though specific embodiments of the invention have 
been described herein for purposes of illustration, vari 
ous modifications may be made without deviating from 
the spirit and scope of the invention. Accordingly, the 
invention is not to be limited except as by the appended 
claims. 
We claim: 
1. A DNA sequence which codes for a protein having 

substantially the same biological activity as human pro 
tein C or human activated protein C, said sequence 
further coding for the pre-pro peptide of factor VII. 

2. A DNA sequence which codes for a protein having 
substantially the same biological activity as human pro 
tein C or human activated protein C, said sequence 
further coding for the amino acid sequence Arg-Arg 

55 

polyadenylation signal, wherein transcription of the 
nucleotide sequence is directed by the promoter. 

4. An expression vector capable of integration in 
mammalian host cell DNA, said expression vector in 
cluding a promoter followed downstream by a nucleo 
tide sequence which encodes the pre-pro peptide of 
protein C operably linked to a sequence which encodes 
a protein having substantially the same biological activ 
ity as human protein C or human activated protein C, 
said nucleotide sequence further encoding the amino 
acid sequence Arg-Arg-Lys-Arg at the cleavage site 
between the light and heavy chains, said nucleotide 
sequence being followed downstream by a polyadenyla 
tion signal, wherein transcription of the nucleotide se 
quence is directed by the promoter. 

5. Isolated mammalian cells transfected with an ex 
pression vector capable of integration in mammalian 
host cell DNA, said expression vector including a pro 
moter followed downstream by a nucleotide sequence 
which encodes a protein having substantially the same 
biological activity as human protein C, said nucleotide 
sequence further encoding the pre-pro peptide of factor 
VII, said nucleotide sequence being followed down 
stream by a polyadenylation signal, wherein transcrip 
tion of the nucleotide sequence is directed by the pro 
note. 
6. Isolated mammalian cells transfected with an ex 

pression vector capable of integration in mammalian 
host cell DNA, said expression vector including a pro 
moter followed downstream by a nucleotide sequence 
which encodes the pre-pro peptide of protein C opera 
bly liked to a sequence which encodes a protein having 
substantially the same biological activity as human pro 
tein C, said nucleotide sequence further encoding the 
amino acid sequence Arg-Arg-Lys-Arg at the cleavage 
site between the light and heavy chains, said nucleotide 
sequence being followed downstream by a polyadenyla 
tion signal, wherein transcription of the nucleotide se 
quence is directed by the promoter. 

7. A method for producing a protein which, upon 
activation, has substantially the same biological activity 
as human activated protein C, comprising: 

introducing into an isolated mammalian host cell an 
expression unit comprising a sequence which en 
codes a protein having substantially the same bio 
logical activity as human protein C, said sequence 
further coding for the prepro peptide of Factor 
VII; 

growing said mammalian host cell in an appropriate 
medium; 

isolating the protein product encoded by said expres 
sion unit and produced by said mammalian host 
cell; and 

activating the protein product to produce a protein 
having substantially the same biological activity as 
human activated protein C. 
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8. The method of claim 7, further comprising intro 
ducing into the host cell, with said expression unit, a 
selectable marker. 

9. The method of claim 7 wherein the activating step 
comprises cleavage of the protein product with a prote 
ase selected from the group consisting of a-thrombin, 
trypsin, and Russell's viper venom factor X activator. 

10. The method of claim 7 wherein said nucleotide 
sequence further encodes the amino acid sequence Arg 
Arg-Lys-Arg at the cleavage site between the light and 
heavy chains. 

11. The method of claim 7 wherein said mammalian 
host cell is selected from the group consisting of COS, 
BHK and 293 cells. 

12. A method for producing a protein which has 
substantially the same biological activity as human acti 
vated protein C, comprising: 

introducing into an isolated mammalian host cell an 
expression unit comprising a sequence which en 
codes the pre-pro peptide of protein C operably 
linked to a sequence which encodes a protein hav 
ing substantially the same biological activity as 
human activated protein C, said sequence further 
encoding the amino acid sequence Arg-Arg-Lys 
Arg at the cleavage site between the light and 
heavy chains; 

growing said mammalian host cell in an appropriate 
medium; and 

isolating the protein product encoded by said expres 
sion unit and produced by said mammalian host 
cells. 

13. The method of claim 12 wherein said mammalian 
host cell is selected from the group consisting of COS, 
BHK and 293 cells. 

14. A method for producing a protein which, upon 
activation, has substantially the same biological activity 
as human activated protein C, comprising: 

introducing into an isolated mammalian host cell an 
expression unit comprising a sequence which en 
codes the pre-pro peptide of protein C operably 
linked to a sequence which encodes a protein hav 
ing substantially the same biological activity as 
human protein C, said sequence further coding for 
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the amino acid sequence Arg-Arg-Lys-Arg at the 
cleavage site between the light and heavy chains; 

growing said mammalian host cell in an appropriate 
medium; 

isolating the protein product encoded by said expres 
sion unit and produced by said mammalian host 
cell; and 

activating the protein product to produce a protein 
having substantially the same biological activity as 
human activated protein C. 

15. The method of claim 14 wherein the activating 
step comprises cleavage of the protein product with a 
protease selected from the group consisting of a-throm 
bin, trypsin, and Russell's viper venom factor X activa 
to. 

16. The method of claim 14 wherein said mammalian 
host cell is selected from the group consisting of COS, 
BHK and 293 cells. 

17. The DNA sequence of claims 1 or 2, wherein said 
protein comprises the light chain of protein C as shown 
in FIG. 2 from alanine, amino acid number 1, to leucine, 
amino acid number 155, and the heavy chain of human 
activated protein C as shown in FIG. 2 from leucine, 
amino acid number 170, to proline, amino acid number 
49. 

18. The expression vector of claims 3 or 4, wherein 
said protein comprises the light chain of protein C as 
shown in FIG. 2 from alanine, amino acid number 1, to 
leucine, amino acid number 155, and the heavy chain of 
human activated protein C as shown in FIG. 2 from 
leucine, amino acid number 170, to proline, amino acid 
number 419. 

19. The cells of claims 5 or 6, wherein said protein 
comprises the light chain of protein C as shown in FIG. 
2 from alanine, amino acid number 1, to leucine, amino 
acid number 155, and the heavy chain of human acti 
wated protein C as shown in FIG. 2 from leucine, amino 
acid number 170, to proline, amino acid number 419. 

20. The method of any one of claims 7, 12, or 14, 
wherein said protein comprises the light chain of pro 
tein C as shown in FIG. 2 from alanine, amino acid 
number 1, to leucine, amino acid number 155, and the 
heavy chain of human activated protein C as shown in 
FIG. 2 from leucine, amino acid number 170, to proline, 
anino acid number 419. 

s 
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